Prospective evaluation of youths with early psychotic-like experiences can enrich our knowledge of clinical, biobehavioral and environmental risk and protective factors associated with the development of psychotic disorders. We aimed to investigate the predictors of persistence or worsening of psychosis spectrum features among US youth through the first large systematic study to evaluate subclinical symptoms in the community. Based on Time 1 screen of 9,498 youth (age 8-21) from the Philadelphia Neurodevelopmental Cohort, a subsample of participants was enrolled based on the presence (N5249) or absence (N5254) of baseline psychosis spectrum symptoms, prior participation in neuroimaging, and current neuroimaging eligibility. They were invited to participate in a Time 2 assessment two years on average following Time 1. Participants were administered the Structured Interview for Prodromal Syndromes, conducted blind to initial screen status, along with the Schizotypal Personality Questionnaire and other clinical measures, computerized neurocognitive testing, and neuroimaging. Clinical and demographic predictors of symptom persistence were examined using logistic regression. At Time 2, psychosis spectrum features persisted or worsened in 51.4% of youths. Symptom persistence was predicted by higher severity of subclinical psychosis, lower global functioning, and prior psychiatric medication at baseline. Youths classified as having psychosis spectrum symptoms at baseline but not at follow-up nonetheless exhibited comparatively higher symptom levels and lower functioning at both baseline and follow-up than typically developing youths. In addition, psychosis spectrum features emerged in a small number of young people who previously had not reported significant symptoms but who had exhibited early clinical warning signs. Together, our findings indicate that varying courses of psychosis spectrum symptoms are evident early in US youth, supporting the importance of investigating psychosis risk as a dynamic developmental process. Neurocognition, brain structure and function, and genomics may be integrated with clinical data to provide early indices of symptom persistence and worsening in youths at risk for psychosis.
Subclinical psychotic-like experiences are relatively common in the general population of children and adolescents, occurring in as many as 22% of youths 1, 2 . Yet, they only develop into distressing and impairing psychotic disorders in a minority of them 3 . Increasing evidence supports psychosis as a continuum in the general population 4 , in which the experience and expression of multiple dimensions of symptoms can be detected in childhood or adolescence 5 . Examination of these early symptoms may enrich our knowledge of biobehavioral and environmental risk and protective factors associated with the psychotic disorder end of the continuum 6 . In turn, this line of research can inform early interventions and pathways to care for youths who are in the process of developing psychotic disorders.
Prospective studies in community youths suggest that 75-90% of psychotic-like experiences are transient 1, 7 . Some early psychotic-like experiences may reflect vulnerability for psychotic disorders, with onset of sub-threshold symptoms occurring as long as 7-8 years prior to a first episode of psychosis 8, 9 .
However, other early experiences may be "transdiagnostic" and "incidental" to other mental disorders such as depression and anxiety 4 . In other youths, early symptoms may reflect trait-like characteristics that later manifest as schizotypy, consistent with a broadly defined risk state 5 . Finally, in some youths, symptoms may never be associated with a clinical disorder and thus never come to clinical attention, possibly due to their low severity and/or to protective factors 10 . The field has increasingly sought to explicate predictors and mechanisms of symptom course that may differentiate such varying developmental trajectories. General population cohort studies conducted outside of the US have suggested that more severe and persistent subthreshold psychotic symptoms are associated with greater risk of conversion to psychotic disorders 1, [11] [12] [13] . In adolescents, the longer subclinical symptoms persist, the greater the likelihood of impairment 1 . Persistence of psychotic-like experiences in youths has also been associated with other forms of psychopathology 14, 15 , cannabis use, childhood trauma, developmental problems, ethnic minority status, and mental health help seeking 13 . Such findings have been interpreted as supporting a proneness-persistence-impairment model of psychosis 16 , in which early expressions of psychotic-like experiences may persist and subsequently become clinically impairing, depending on genetic vulnerability interacting with exposure to environmental risk factors and/or stressors. Evidence that varying trajectories of sub-threshold positive and negative/disorganized symptom domains may differentially predict functional impairment and help-seeking behavior has further supported the importance of a multi-dimensional and developmental view of psychosis spectrum symptoms 17 .
In the US prospective investigations of psychosis spectrum symptoms in the general non-help-seeking youth population have been limited to schizotypal features among adolescent/ early adult college students 18 and young twins 19 . Though considerable research has centered on prospective investigations of help-seeking clinical high-risk youth 20 , there is a gap in our understanding of risk and resilience factors that influence psychosis outcomes among the general population of US youth. Moreover, as detection of psychosis spectrum experiences has continued to extend earlier in the lifespan, there is an increasing need to differentiate early stable traits from subclinical psychotic-like states that may portend risk for psychosis 5 . Through the Philadelphia Neurodevelopmental Cohort, we aimed to investigate the predictors of persistence or worsening of psychosis spectrum features in the first large systematic community sample of US youths. As previously reported 21 , we found that, among medically healthy youths aged 11-21, 3.7% reported threshold psychotic symptoms (delusions and/or hallucinations). An additional 12.3% reported significant subpsychotic positive symptoms. Odd/unusual thoughts and auditory perceptions, followed by reality confusion, were the most discriminating and widely endorsed attenuated symptoms.
In a series of investigations, we have found baseline psychosis spectrum status to be associated with reduced global functioning, and increased odds of depression, anxiety, behavioral disorders, substance use and suicidal ideation 21 , as well as minority ethnic group membership 22 . Youths with psychosis spectrum symptoms had reduced accuracy across domains of neurocognitive function 21 and were neurocognitively delayed across the age range compared to asymptomatic youths 23 .
Our neuroimaging studies have identified patterns of structural 24, 25 and functional 26 abnormalities in the psychosis spectrum group, including novel evidence for functional dysconnectivity 27 , similar to patterns observed in adults with psychotic disorders. Aspects of prefrontal executive system dysfunction and limbic hyperactivation to threat appear to be selectively associated with psychosis spectrum symptoms in comparison with other psychopathology dimensions 28 .
To date, few community cohorts have evaluated a wide array of biobehavioral predictors of the persistence of psychosis risk symptoms. The Philadelphia Neurodevelopmental Cohort is uniquely suited to widening the window of investigation of neurobehavioral risk and protective factors associated with varying psychosis spectrum trajectories and outcomes among US youth. Here we conducted a two-year follow-up of a large subsample (N5503) of youth from the cohort, selected on the basis of presence or absence of psychosis spectrum features at baseline and neuroimaging eligibility. The aim of this first report from the follow-up study is to evaluate clinical patterns and predictors of symptom persistence.
METHODS

Participants
Participants were recruited for follow-up based on Philadelphia Neurodevelopmental Cohort Time 1 (baseline) psychosis spectrum screening 21, 29 . Briefly, at Time 1, prospective participants (N550,293) were recruited through the Children's Hospital of Philadelphia pediatric clinical health care network, extending to over 30 clinical community sites in the Philadelphia tri-state area (Pennsylvania, New Jersey and Delaware). Participants were not recruited from psychiatric clinics. Initial review of electronic medical records for preliminary eligibility yielded a pool of 19,161 participants between the ages of 8 and 21, who had provided written informed consent/assent to be re-contacted for future studies, were proficient in English, and did not appear to have significant developmental delays or physical conditions that would interfere with their ability to complete study procedures.
From the recruitment pool, 13,598 participants were invited, 9,498 were enrolled, and 9,421 completed the assessment. Time 1 assessment consisted of psychopathology screen, including screen for psychosis spectrum symptoms, and computerized neurocognitive testing for all participants 21 . A subset of 1,601 participants completed the imaging procedures.
From the cohort of 9,498 youths aged 8-21 at Time 1, participants (N51,486) were identified for follow-up assessment if they screened either positive or negative for psychosis spectrum symptoms (as detailed below), were physically healthy at Time 1 (no moderate or severe physical conditions requiring multiple procedures and monitoring 30 ), had completed the neuroimaging protocol 18 months previously, and had good quality neuroimaging data 31 . To maximize the number of subjects scanned at Time 2, a small subset of participants screening positive for psychosis spectrum symptoms who had not previously completed neuroimaging were also included in the recruitment pool.
From this pool, 61% (N5910) could be reached for further screen and invitation to participate. Among those invited, 56% (N5510) completed study procedures, 21% (N5182) declined (e.g., lived too far, away at school, not interested), 15% (N5118) were excluded due to conditions precluding imaging or cognitive testing (e.g., orthodontic braces, metal in body, pregnant, serious central nervous system disease), and 8% (N555) had recurrent cancellations/no-shows for scheduled appointments. The current investigation included the 503 participants with complete Time 2 clinical data at the time of our analyses.
After complete description of the study, written informed consent was obtained for participants aged at least 18, and written assent and parental permission were obtained from children aged less than 18 and their parent/legal guardian. All procedures were approved by the University of Pennsylvania and the Children's Hospital of Philadelphia Institutional Review Boards. structured interview (GOASSESS) 21 . This instrument assessed psychiatric and psychological treatment history, and lifetime occurrence of major domains of psychopathology -including mood, anxiety, behavioral and eating disorders -and suicidal thinking and behavior.
Three screening tools to assess psychosis spectrum were embedded within the psychopathology screen. Positive subpsychotic symptoms in the past year were assessed with the 12-item assessor administered PRIME Screen-Revised (PS-R) 32, 33 . Items were self-rated on a 7-point scale ranging from 0 ("definitely disagree") to 6 ("definitely agree"). The participant then rated the duration of each endorsed symptom. Positive psychotic symptoms (lifetime hallucinations and delusions) were assessed using the Kiddie-Schedule for Affective Disorders and Schizophrenia (K-SADS) 34 psychosis screen questions, supplemented with structured questions to reduce false positives. Negative/disorganized symptoms were assessed using six embedded assessor rated items from the Scale of Prodromal Symptoms (SOPS) 35 .
Psychopathology summary measures
Psychopathology was summarized into dimensions using factor analyses. For previous analyses, we used psychopathology summary measures 21, 29 or a bifactor model with individual items that produced orthogonal scores 28 . For the current analyses, we wished to use and interpret Time 1 psychopathology scores as potential predictors of Time 2 psychosis spectrum status. However, there is a debate in the field regarding the validity of bifactor sub-factor scores used in this way 36, 37 .
Consequently, we used a correlated-traits model to generate oblique scores. Specifically, we performed exploratory factor analyses (EFAs) 38 on 112 individual GOASSESS items. Four factors were extracted, and we used various combinations of extraction (maximum likelihood, least squares, etc.) and rotation (oblimin, geomin, promax, etc.) methods to test for consistency across methods. The four-factor model was based on the finding of Krueger 39 that common mental disorders tend to group into three main categories, which he termed "anxious-misery", "fear", and "externalizing", and we additionally included GOASSESS items assessing psychosis, making four symptom clusters. All extraction/rotation combinations yielded highly consistent results, with items almost never switching from one symptom cluster to another when a different extraction/rotation combination was used. Based on these EFA results, we performed a confirmatory factor analysis with four factors, each comprising the same items suggested by the EFAs. This model was used to calculate scores for each of the four correlated factors: anxious-misery, fear, externalizing, and psychosis. All EFAs were performed using the psych package 40 , and the confirmatory factor analysis was performed using the mean-and variance-adjusted weighted least squares estimator in Mplus 41 .
Finally, history of exposure to traumatic stressors was tabulated from the post-traumatic stress disorder section of the GOASSESS, in which participants were asked about lifetime history of experiencing eight categories of events (i.e., natural disasters, witnessed violence, attacked physically, sexually assaulted/abused, threatened with weapon, experienced serious accident, witnessed serious physical injury/death, observed dead body).
Individuals meeting any one of the following three criteria were classified as having significant psychosis spectrum symptoms 21 : a) positive-subpsychosis: either age-deviant PS-R total scores (as defined by extreme total scores, z 2, compared with age mates) or extreme agreement on the PS-R (1 item rated 6, definitely agree; or 3 items rated 5, somewhat agree 32 ); b) positive-psychosis: possible or definite hallucinations or delusions based on K-SADS screen, with duration 1 day, occurring outside the context of substance use, illness and medicines, and accompanied by significant impairment or distress (rating 5); c) negative/disorganized: age deviant negative/disorganized total scores on the SOPS, as defined by z 2 compared with age mates.
Additional measures
All measures were computerized locally. The Wide Range Achievement Test (WRAT-4) Reading subscale 42 provided an estimate of IQ. The majority of participants (N56,298) completed an abbreviated version of a widely used self-report measure 43 assessing lifetime use of cannabis, alcohol, tobacco and illicit substances 44 .
As previously described 45 , neighborhood socioeconomic status scores were derived by factor analysis. This summary score reflects several socioeconomic characteristics of the participants' neighborhoods (census blocks). Specifically, high scores reflect a high percent of residents who are married, low percent in poverty, high median family income, high percent with at least a high school education, low population density, high percent employed, low percent of vacant lots, and high median age. Low scores reflect the opposite.
Time 2
Interviews
Psychopathology was assessed using a custom protocol consisting of modules of the K-SADS, the Structured Interview for Prodromal Syndromes (SIPS, version 4.0 34 ), and the psychotic and mood differential diagnosis modules (C/D) of the Structured Clinical Interview for DSM-IV 46 . Collateral versions of the instruments were constructed and were identical to the standard proband versions, except that the wording of question stems was altered as appropriate for the informant (e.g., "Did you. . .?" was converted to "Did your child. . .?").
In contrast to Time 1, when we employed highly structured screens, all Time 2 sections were administered in a semistructured manner, allowing follow-up probing and clarification of endorsed items, as well as reconciliation of experiences across the interview. The K-SADS modules provided a standardized and comprehensive assessment of DSM-IV Axis I psychopathology (mood, attention deficit and hyperactivity, and substance use), including symptom and episode information for differential diagnoses of disorders, and clinical information about the diagnostic context of any reported sub-psychotic symptoms.
Psychosis spectrum symptoms were assessed using the SIPS, in which selected symptom items from the K-SADS were integrated to facilitate differential diagnosis. The SOPS 35 , embedded within the SIPS, describes and rates the severity of prodromal, psychotic and other symptoms occurring within the past 6 months. Dimensional symptom domains include positive (e.g., unusual thought content, persecutory ideas), negative (e.g., avolition), disorganized (e.g., odd behavior or appearance), and general (e.g., sleep disturbance). To provide a common psychosis spectrum measure across Time 1 and Time 2, the PS-R was administered following the SIPS. Social and role function was rated using the SIPS Global Assessment of Function 35 . Additional sections included construction of a timeline of major life events to facilitate accuracy of dating onset/offset of endorsed symptoms, demographics and medical history, psychiatric treatment history, history of suicidal thoughts and attempts, and current mental status (Mini-Mental State Examination
47
). An abbreviated version of the Family Interview for Genetic Studies (FIGS) 48 , administered to collaterals (of probands < age 18) and adult probands, screened for presence or absence of first-degree family history of major domains of psychopathology, with more detailed assessment of possible psychotic disorders following affirmative responses to psychosis-related screening items. To avoid influence of proband status on judgments about psychosis family history, presence/absence was coded by the first author based on FIGS data contained in a blinded file, without reference to proband status at either Time 1 or Time 2.
All assessment tools were administered via a laptop computer using locally computerized versions in Filemaker to allow live data capture, verbatim recording of participant responses, and interactive checks of skip-outs and section completion. Where relevant, releases for medical and psychiatric records were requested to supplement interview assessed information.
Following each evaluation, assessors integrated information from probands, collaterals and available medical records to provide combined ratings across symptom domains. Integrated clinical information was then summarized in a narrative case history, and presented at a case conference attended by at least two doctoral level clinicians with expertise in psychosis and/or child psychopathology. A strict blind was maintained such that recruiters, assessors and clinicians determining consensus ratings and diagnoses were na€ ıve to the Time 1 psychosis spectrum screening status of all participants. To avoid biasing case assignment or symptom ratings, family history of psychopathology was not disclosed during case conference.
Each SOPS clinical rating 3 underwent consensus review, and clinical risk status and best estimate final diagnoses for Axis I disorders were determined. We also made consensus "prodromal" diagnoses according to standard SIPS attenuated prodromal syndrome (APS) criteria 35 , in which APS is diagnosed if at least one positive symptom rated 3-5 had frequency 1 time a week in the past month as well as onset or worsening (1 or more SOPS scale point) within the past year. We created a parallel attenuated negative/disorganized syndrome (ANDS) classification to reflect recent onset or worsening of negative or disorganized symptoms with comparable frequency and onset/worsening criteria as for APS, but requiring 2 negative or disorganized symptoms to meet these criteria. Individuals were classified as meeting psychosis spectrum criteria if they had either a) a DSM-IV psychotic disorder or mood disorder with psychotic features, or b) at least one SOPS positive symptom currently (past 6 months) rated 3-5 or at least two negative and/or disorganized symptoms rated 3-6. Interviews were administered by bachelor's or master's level assessors who underwent formal training conducted by the first author. The training protocol consisted of a structured program of lectures, supervised practice sessions and mock interviews. Trainees then administered 5 interviews under direct observation by a certified observer until competency and consistency were established by scoring 85% on a standardized 60-item rating scale assessing proficiency in administration. In addition, trainees were required to be completely reliable with the observer in determination of clinical significance (3) on all SOPS items, and within one scale point with observer on all other SOPS ratings. Ongoing calibration of ratings was achieved through case conference meeting attendance by all assessors, and periodic re-training and direct observation.
Additional measures
Computerized assessment of substance use and estimated IQ (WRAT-4) were identical to Time 1 assessment. To provide convergent and supplemental dimensional assessment of psychosis spectrum symptoms, a subset of participants (N5418) was administered a modified and computerized version of the Schizotypal Personality Questionnaire (SPQ). The SPQ is a multi-dimensional true/false self-report measure assessing each of the nine major features of schizotypal personality disorder as defined by the DSM 49 . Seven items modeled after the Infrequency Scale of the Personality Research Form were interspersed among SPQ items to assess random or careless responding 50 .
When completing the SPQ, participants were instructed to refrain from considering episodes when they were under the influence of drugs or alcohol, and periods when they were just falling asleep or awakening. Scores for the total SPQ and individual scales were based on an unweighted linear combination of the SPQ items endorsed in the psychopathological direction. Because the subscales differ in the number of constituent items (ranging from seven to nine), percentages of endorsed items per subscale were calculated to allow comparison of relative endorsements across subscales.
Statistical analysis
To first assess the representativeness of the enrolled sample with regards to the broader Philadelphia Neurodevelopmental Cohort, we compared Time 1 psychopathology indices of enrolled and non-enrolled participants using t-tests of factor scores. We then classified individuals into four groups based on psychosis spectrum classifications at Time 1 and Time 2: Persistent (psychosis spectrum symptoms at both Time 1 and Time 2); Resilient (psychosis spectrum symptoms at Time 1 but not Time 2); Emergent (psychosis spectrum symptoms at Time 2 but not Time 1); Typically Developing (psychosis spectrum symptoms at neither Time 1 nor Time 2).
We evaluated differences among these groups using ANOVA's and Cohen's d (quantitative variables) or chi-square (categorical variables). Logistic regression then examined Time 1 demographic, psychopathology and substance use predictors of persistence vs. resilience (Statistical Package for Social Sciences, SPSS, version 22). Finally, we performed item analysis of positive subpsychosis items comparing endorsements between groups, summarizing symptom endorsement count, and conducting multivariate analysis of variance (MANOVA) of differences in mean item ratings. Receiver operating characteristic curve analyses identified positive sub-psychosis items most predictive of Persistent vs. Resilient classification.
RESULTS
Recruitment analysis
Within Time 1 group, t-tests of mean Time 1 overall psychosis spectrum factor scores indicated that participants successfully recruited for Time 2 follow-up were comparable to those who were not enrolled (p50.14; see Figure 1 ). They also did not differ in positive and negative psychosis symptoms (p50.14 and 0.29, respectively), anxious-misery (p50.22), externalizing (p50.29), and fear (p50.29) scores. Note that all p values are corrected for the false discovery rate 51 .
Psychosis spectrum classification
Time 2 assessment results are depicted in Figure 2 . Among youths screening positive at Time 1 (N5249), psychosis spectrum features persisted or worsened in 51.4% (Persistent, N5128), including 6.8% (N517) diagnosed with threshold psychosis disorders (four with schizophrenia, one with schizoaffective disorder, one with delusional disorder, three with major depressive disorder with psychotic features, eight with psychotic disorder not otherwise specified). The remainder (N5121, 48.6%) did not have symptoms at Time 2, and were classified as Resilient, reflecting the absence of current clinically significant symptoms despite the history of elevated risk assessed at Time 1.
The majority of youths screening negative at Time 1 (N5254) remained asymptomatic at Time 2 (Typically Developing, N5212). Psychosis spectrum symptoms emerged in 16.4% (Emergent, N542), including two diagnosed with a psychotic disorder not otherwise specified.
Sensitivity and specificity of Time 1 screening measures were 0.75 and 0.64 respectively, corresponding to a positive predictive value of 0.51, and a negative predictive value of 0.83.
Characteristics of the sample
Demographic and clinical characteristics of the sample are presented in Table 1 . The four groups were comparable in age at both Time 1 (range: 14.8 to 15.5 years) and Time 2 (range: 16.6 to 17.5 years). Although the mean follow-up interval was approximately two years for all groups, the interval was, on average, two months longer for the Resilient group. Sex ratio and mean parental education (mother, father) did not differ among the groups. Neighborhood socioeconomic status at Time 1 was higher in Typically Developing youths than in all three groups reporting psychosis spectrum symptoms at either time point.
Participants' Time 2 classification was determined by positive and negative sub-threshold psychosis spectrum endorsements at Time 1. Thus, the Persistent and Resilient groups had higher baseline PS-R and SOPS scores compared to Emergent and Typically Developing. Notably, participants in the Persistent group also showed higher baseline Time 1 symptoms across psychopathology domains compared to the Resilient group. The Persistent group also showed comparatively lower baseline global functioning, and increased treatment seeking, including consulting a professional, inpatient hospitalizations, and prescription psychiatric medications. A minority of individuals in the Persistent group (N58) were prescribed antipsychotic medicines.
The Resilient group also had higher levels of psychopathology and lower functioning at Time 1 than the Emergent and Typically Developing youths. Similarly, youths of the Emergent group had higher positive and negative/disorganized symptom levels and reduced functioning at Time 1 compared to youths who remained Typically Developing at follow-up. Importantly, reported exposure to traumatic stressors was lower in Typically Developing youths than the other three groups, with the highest mean number of stressors experienced by those with persisting symptoms.
At Time 2, a greater number of youth in the Persistent group had comorbid mood disorders, attention-deficit/hyperactivity disorder (ADHD), and alcohol and other substance abuse than the Resilient and Typically Developing groups. Major depressive disorder was least common in the Typically Developing group, and the groups did not differ in substance dependence rates. Youths who were never symptomatic had higher MiniMental State Examination scores than those who previously or currently exhibited psychosis spectrum symptoms. Global functioning was lower in the Persistent than the other three groups, and both the Resilient and Emergent groups showed reduced global functioning compared to Typically Developing.
As shown in Table 1 , the Persistent group showed the highest level of SOPS symptoms across symptom domains, though Figure 3 . Pairwise post-hoc tests of significance (all p values <0.05) revealed that the Persistent group endorsed more items than the Resilient, Emergent and Typically Developing groups on all subscales except social anxiety, on which they differed only from Typically Developing. Importantly, the Resilient group also endorsed more items across all subscales than Typically Developing, but did not differ from the Emergent group. The Emergent group differed from Typically Developing only in endorsing more items on Social Interpersonal subscales. (Table 2 ). This pattern of results was not significantly altered when repeating the analysis with the smaller sample (N5192) with available family history data. Family history of psychosis was not robustly predictive of persistence, although there was a trend towards significance (p50.075, odds ratio 5 2.71), and the prediction success of this model was slightly improved (72.4%).
Predictors of persistence
In the subgroup of participants (N5123) who completed the substance use self-report at Time 1, lifetime ever use of substances reported at Time 1 was not predictive of persistence. Success of the model including demographic characteristics and ever use of twelve classes of substances was 59.3% (Persistent: 71.6%, Resilient: 44.6%; false positive: 34.3%, false negative: 13.6%). The fit of the model was reasonable (area under the curve 5 0.66; 95% CI: 0.56-0.75). No individual substances were significantly predictive.
Item analysis
Among youths, the positive sub-psychosis items most frequently endorsed ("definitely agree") at Time 1 on the PS-R were odd/unusual thoughts, auditory perceptions, and reality confusion (Table 3) . However, mean Time 1 scores on these items did not significantly differ between Persistent and Resilient groups (MANOVA), and receiver operator curve analyses revealed only modest ability for these items to discriminate between the groups (area under the curve values ranging from 0.54 to 0.57).
Though less frequently endorsed ("definitely agree"), items assessing thought control, mind tricks and persecutory/suspicious thinking had higher mean Time 1 endorsement by the Persistent group (Cohen's d range: 0.28-0.51), and modest to moderate discriminability (area under the curve range: 0.57 to 0.63).
The least frequently endorsed item by the Persistent group was mind reading, which nonetheless had a higher mean endorsement by the Persistent than the Resilient group (Cohen's d 5 0.31). The remaining PS-R items (superstitions, grandiosity, predict future, and audible thoughts), though showing marginally higher mean scores in the Persistent than Resilient group (Cohen's d range: 0.14 to 0.24), discriminated the groups only modestly (area under the curve range: 0.54 to 0.56).
DISCUSSION
In a 2-year follow-up of US youths from the community, psychosis spectrum symptoms persisted or worsened in approximately 51% of youths endorsing symptoms at baseline. When correcting for demographic characteristics and baseline psychopathology, persistence or worsening of psychosis spectrum symptoms was predicted by several baseline clinical features, including higher severity of subclinical psychosis, lower global functioning, and prior psychiatric medication.
Those with persistent or worsening symptoms demonstrated higher overall psychosis symptom severity at baseline than those whose symptoms did not meet threshold levels at follow-up, lending further support to the reported relationship between severity and persistence of psychotic-like experiences in the population 1, 11 . In our study, baseline severity was greater in those with persisting symptoms across summary psychosis spectrum indicators, including overall psychosis, and positive and negative sub-threshold symptom domains. In addition, several items most frequently endorsed as "definitely agree" by youths with psychotic spectrum symptoms at baseline were still the most commonly endorsed at follow-up, ROC -receiver operating characteristic analysis of PRIME Screen-Revised items; AUC -area under the curve, indicating the ability of the item to discriminate between the Persistent and Resilient groups including the subjective experience of odd/unusual thoughts, auditory perceptions, and reality confusion. However, they were not discriminative or predictive of persistence. Rather, the Persistent group was discriminated from the Resilient group by persecutory thinking/suspiciousness, ideation related to thought control, and the experience of mind tricks. These findings are particularly notable, given reports that suspiciousness/paranoia and unusual thought content are associated with increased risk of psychosis conversion among clinically high risk youth 20, 52 , and that persecution and bizarre experiences (including thought control) in community youths are more likely to be associated with distress/disability than paranormal beliefs/magical thinking 10 . The current findings not only support the clinical and functional significance of these particular symptoms, but they also reinforce the potential benefits of early screening, particularly for these most discriminating experiences.
Global functioning was lower in the Persistent group at both Time 1 and Time 2, and it was predictive of symptom persistence, a finding that accords with numerous lines of evidence associating poor functioning with psychosis risk symptoms in both community 1, 16, 53, 54 and clinical high risk 55 cohorts. Of course, traditional global ratings, including those used here, are not independent of symptom severity. The use of separate social and role function scales 56 in future follow-ups will allow better differentiation of social/role functioning impairments and symptom severity for predictive purposes. Increasing impairment over time relates to symptom persistence 1, 16 . However, we were unable to evaluate longitudinal functional changes in the current investigation, because we used different scales to assess global functioning at Time 1 and Time 2 (Children's Global Assessment Scale from the K-SADS, and SIPS Global Assessment of Functioning, respectively). Nonetheless, the results provide convergent support that youths with both psychosis spectrum symptoms and lower global functioning are particularly vulnerable to symptom persistence or worsening.
Prior treatment with psychiatric medications predicted persistence, consistent with overall higher level of treatment seeking at both Time 1 and Time 2. Our findings align with others suggesting that aspects of help-seeking behavior are common but not ubiquitous in youths with persisting psychotic-like experiences 13 and in some cases may precede the onset of psychotic disorders 7 . To more fully evaluate this finding, we are currently analyzing specific treatment history data, which will delineate the types of treatment that youths are seeking and receiving. Prior psychiatric medication suggests that a subset of youths with persisting symptoms are coming to the attention of health care providers, but it is unknown whether the psychosis spectrum symptoms are detected and adequately treated and/or monitored, especially since the context is likely to include comorbid psychopathology. For those at most imminent risk of psychosis or who have already entered a first episode, the importance of initiating specialized care aiming to reduce the duration of untreated psychosis is well documented 57 .
Several other characteristics distinguished youths whose symptoms persisted, including a first-degree family history of psychosis, consistent with evidence from clinical high risk 20 and college student 18 studies, and more generally with the well-documented genetic risk for psychosis 58 . Although baseline anxious-misery, fear and externalizing domains were not uniquely predictive of persistence, the latter was associated with later mood disorders, ADHD and alcohol abuse. These findings are consistent with a prior community study of youths with psychotic-like experiences that evidenced a higher risk of internalizing and externalizing problems at 2-year follow-up 15 . They also provide further support for the suggestion that persisting psychotic-like experiences may be increasingly predictive of multiple domains of diagnosable psychopathology as young people age 59 .
Although ethnic minority status was more common in the Persistent, Resilient and Emergent groups than in the Typically Developing, it was not a significant predictor of symptom persistence when correcting for other demographic and clinical features, including psychosis spectrum severity and global functioning. This finding appears inconsistent with other lines of evidence from non-US cohorts suggesting that ethnic minority status is a significant predictor of symptom persistence 13 . The experiences of ethnic minority groups in the US may differ in salient ways from those in other countries 60 , yet some effects of being an ethnic minority could be similar.
Ongoing follow-up of the Philadelphia Neurodevelopmental Cohort sample will allow us to further investigate the stability of our current finding, as well as additional risk and protective factors that may differentially impact ethnic groups. We used the term "resilient" to refer to individuals with a risk factor, here defined by baseline endorsement of psychosis spectrum symptoms, who are not currently experiencing symptoms meeting severity criteria based on clinical interview. However, results suggest that individuals in this group are not asymptomatic, as reflected by comparatively elevated Time 2 scores on both SOPS and SPQ, lower global functioning, and higher levels of help-seeking behavior compared to typically developing youths. This finding supports the suggestion that "false positive" status does not necessarily imply an absence of risk 11 : "resilient" individuals may be in a transient state of low symptom level, still vulnerable to symptom exacerbation. Some of the "resilient" individuals may instead experience relatively stable schizotypal traits that will not evolve into psychosis; the likelihood of this is yet unknown, as very few studies have simultaneously investigated "schizotypal" and "prodromal" symptoms 61, 62 .
Sensitivity of assessment methods could also play a role. It has long been suggested that diagnostic interviews by trained assessors may reduce false positives by allowing follow-up probing to determine the clinical significance and context of endorsed symptoms 7 . Conversely, with some notable exceptions 7 , self-report measures are often more feasible in largescale studies than time and resource intensive semi-structured clinical interviews. Self-reported psychotic experiences that are not judged significant upon clinical interview may be the "softest expression" of the psychosis spectrum extended phenotype 11 , perhaps identifying those at an earlier point in progression to the disorder. Cross-sectional multi-modal assessment at Time 2 conducted here suggests that some selfreport measures may be sensitive to aspects of symptoms that were either not disclosed or observed by the interviewer or, conversely, not severe enough to warrant significant clinical ratings upon interview.
These considerations notwithstanding, our current findings can be viewed as supporting the convergent validity of "prodromal" and "schizotypal" scales as measures of the overarching psychosis vulnerability construct 61 . For many individuals, the distinction between "schizotypy" and "psychotic-like experiences" may be a function of symptom duration, stability and/or intensity. Ultimately, the potential of differing trajectories highlights the value of indexing risk using multiple methods 61 to assess a multi-dimensional continuum 11 from a developmental perspective 62 . The inclusion of both self-report and interview-based assessments in ongoing follow-up studies will allow us to determine the ultimate clinical significance of "false positives". Psychosis spectrum symptoms "emerged" in a small group of youths previously classified as typically developing. The number (N542) was too small to allow formal analyses of predictors. The "emergent" category could reflect individuals for whom symptoms developed between Time 1 and Time 2. An alternative interpretation, that symptoms were experienced at Time 1 but at lower levels than were considered threshold at that time point, appears to be supported by close examination of Time 1 data. Compared to typically developing youths, those with subsequently emergent symptoms exhibited slightly elevated baseline PS-R scores, increased family history of psychosis, lower global functioning, and trends towards increased help-seeking behaviors that resolved to significance at Time 2. This result accords with previous findings that approximately 40% of adolescents with emergent symptoms had endorsed subclinical symptoms up to 8 years earlier 1 . It also further underscores the developmental aspect of the psychosis dimension, and the importance of the relationship between clinical and subclinical symptoms 1 .
Some additional considerations and limitations should inform interpretation of the findings presented here. First, as for any longitudinal study, there is a potential selection bias among those who returned for follow-up versus those who did not. Although we cannot exclude the possibility that follow-up results would differ between those who were enrolled compared to those who were unreachable or refused, our recruitment analyses indicate that at least baseline psychosis levels did not differ between those who were recruited and those who were not.
Second, an obvious limitation is that our cohort is still young and developing, on average just entering or still passing through the period of risk for psychotic disorders 13 . Establishing predictors of trajectories of psychosis spectrum symptoms requires multiple measurements over a wider age span. A recently completed 4-year follow-up of a subset of Philadelphia Neurodevelopmental Cohort youths will allow fuller understanding of predictors as young people age. Third, to allow simultaneous consideration of many potential predictors implicated in prior studies, we included broad indicators of comorbid psychopathology, environment, substance use, and exposure to traumatic stressors, an approach that could obscure more nuanced relationships. We are currently evaluating relationships with more specific potential predictors in each of these categories to further inform our predictive models. Nevertheless, though not uniquely predictive, it is noteworthy that, without exception, each one of these variables was associated with psychosis spectrum status at baseline or follow-up.
Finally, the classification categories of persistence/resilience/ emergence we employed are rationally derived for the convenience of communication of salient constructs. However, we are aware that they cannot fully capture the complexity of clinical states. We employed cut-offs at both time points based on generally accepted "clinical significance" of items, but certainly alternative cut points, and other methods to derive them, are important to investigate 13 . Any such categories can be significantly impacted by the assessment approach.
There is no single accepted psychosis spectrum screening tool 63 , and it is possible, if not likely, that measurement differences contribute to variation among study findings 64 . Here we used a hybrid approach in which we screened a very large sample at Time 1 via self-report and highly structured interview, and conducted a smaller follow-up via semi-structured clinical interview, complemented by a self-report. This design allowed us to conduct comprehensive Time 2 assessments comparable to those employed with clinical high-risk samples. However, classification outcomes could in part reflect varying sensitivity of assessment methods at different time points rather than true severity of psychosis spectrum symptoms. The sensitivity and specificity of our screening approach for subsequent longitudinal clinical interview status is not directly comparable to most studies, which typically have used a single screening instrument to assess positive sub-threshold symptoms, followed immediately or within a 6-month window by diagnostic interview in clinical groups 6 . Even under such circumstances, no one screening approach has consistently yielded both sensitivity and specificity above 0.70 6 . Our twoyear predictive sensitivity (0.75) was consistent with prior studies including an investigation also using the PS-R and 6-month follow-up by SIPS clinical high risk/psychosis in a young clinical sample 65 . Moreover, our negative predictive value, reflecting a relatively low number of "emergent" individuals, suggests that the majority of those who screen negative do not develop psychosis spectrum symptoms within 2 years. Thus, though not without limitations, our findings lend further support to the validity of screening approaches to enrich community samples with at-risk individuals. Imperfect as they may be, both cut-offs and a continuum can be useful in understanding clinical and neurobehavioral predictors 66 that may distinguish patterns of persistence versus resilience.
Our findings of varying courses of psychosis spectrum symptoms in US youth confirm those of earlier studies, and highlight that psychosis risk is a dynamic process in young people 8, 13 . Among demographic and clinical characteristics assessed here, symptom persistence at 2-year follow-up was predicted by higher severity of subclinical psychosis, lower global functioning and prior psychiatric medication at baseline. In addition, psychosis spectrum features emerged in a small group of young people who previously had not reported significant symptoms but who nonetheless, on average, had exhibited early non-specific clinical warning signs. The results underscore the existence of a wide developmental window of opportunity to investigate risk and protective factors -neurobehavioral, genetic and environmental -associated with varying clinical outcomes. Although our prediction accuracy was better than chance using only demographic and clinical characteristics, it may be improved by select biobehavioral measures.
Given the young age of participants, continued follow-up will assist in evaluating the validity of the screening approach for predicting conversion to psychosis, as will incorporation of other potential predictors assessed in this cohort, including neurocognition, brain structure and function, and genomics, that may serve as early differentiators of symptom persistence and worsening. Moreover, investigations of points along the psychosis continuum are not only important as they relate to risk for clinical disorder, but also as an area of study that can inform our understanding of the neurobiology of psychosis 67 .
The Philadelphia Neurodevelopmental Cohort public domain resource can accelerate collaborative research and advance our understanding of the complex inter-relationships among genes, cognition, brain and behavior involved in the development of common mental disorders.
